Aims-To investigate the pathology in patients presenting with sudden onset neurological illnesses associated with Mycoplasma pneumoniae infection. Methods-M pneumoniae infection was diagnosed by a highly rigorous interpretation of serological markers initially using complement fixation, agglutination and IgM antibodies. Confirmation of the serological diagnosis was achieved using indirect immunofluorescence for IgM, IgA, and IgG. Serum and cerebrospinal fluid (CSF) samples from these patients were examined using the polymerase chain reaction to look for evidence of M pneumoniae DNA. Results-No M pneumoniae DNA was found in any serum or CSF samples. Diagnosis of M pneumoniae infection by agglutination and complement fixation antibodies was not always confirmed by indirect immunofluorescence. Conclusion-The neurological lesions in these patients do not appear to be caused by the direct invasion of M pneumoniae into the nervous system. The lesions may be an immune response to infection. Serological diagnosis of M pneumoniae continues to be a laboratory problem. (Jr Clin Pathol: Mol Pathol 1995;48:M51-M54) 
Mycoplasma pneumoniae infection in the United Kingdom occurs in epidemics lasting about 18 months, in four year cycles and with sporadic cases occurring in the community between epidemics. It is primarily a pathogen of the respiratory tract causing illnesses ranging from mild upper respiratory tract symptoms to severe pneumonia and occasional unexpected death in young fit individuals.'`Mpneumoniae disease is not commonly recorded in those aged under five years, where it may be clinically inapparent,4 or in the elderly.' It has been associated with a spectrum of non-respiratory disease in children and adults including central and peripheral nervous system lesions,6 haemolytic anaemia7 and various skin manifestations, such as maculopapular rash and erythema-multiforme,' generally appearing 12 to 21 days after a respiratory infection. These extrapulmonary signs are believed to be immune mediated phenomena although there are rare reports of culture of the organism from skin89 and cerebrospinal fluid (CSF).'0
The pathological processes in non-respiratory M pneumoniae disease remain hypothetical. An induction of autoantibodies,"1 changes in the glycoproteins on the red cell membrane'213 and perivascular infiltration around blood vessels'4 are all suggested. The pathogenic process in respiratory disease is also still a matter for speculation."
A major problem in the diagnosis ofM pneumoniae infection is that conflicting laboratory results may occur.'617 The polymerase chain reaction (PCR) can be a very sensitive technique for detecting any mycoplasma DNA in clinical samples'8 and offers the possibility of quicker diagnosis earlier in the course of the disease and is a potential refinement to any investigation of the pathological processes.
Methods

SELECTION CRITERIA
Patients were selected from those presenting with acute and unexplained neurological symptoms in the Oxford region, at the Coventry and Warwickshire Hospital, Coventry, and the General Hospital, High Wycombe (tables 1 and 2). Of the 11 patients, three had sixth nerve palsy, two had third nerve palsy, two had transverse myelitis, one had optic neuritis, one had choreiform movements, one had GuillainBarre syndrome, and one had a right-sided hemiplegia. PCR FOR M PNEUMONIAE A semi-nested PCR method using primers derived from the adhesin gene of M pneumoniae has been described previously.'8 The sensitivity of this system is reported to be one DNA copy per sample and it has been shown to be greater than five logs more sensitive than antigen detection or culture.
PATIENT SPECIMENS EXAMINED
Cerebrospinal fluid was available from patients where clinical investigation justified this invasive procedure. In some patients a second serum sample was not available and single or paired samples were tested. All clinical material underwent PCR amplification using primers specific for M pneumoniae and was tested without prior DNA extraction.'8
Results
The clinical and serological details of patients who were initially considered to have been recently infected with M pneumoniae are presented in tables 1 and 2.
Of 11 patients initially selected on clinical and specific serological criteria, seven were confirmed, by indirect immunofluorescence, as being unequivocally recently infected with M pneumoniae (table 1). For the remaining four patients the diagnosis was not confirmed because the indirect immunofluorescence antibody assay did not support the complement fixation and/or agglutination test results (table  2) . M pneumoniae DNA was not detected by PCR in any of the serum or CSF samples examined.
Six of the seven patients with confirmed M pneumoniae infection and three ofthe remaining four patients reported a febrile illness or upper respiratory tract infection six to 14 days before the onset of neurological symptoms. All patients had made a symptomatic recovery within one year.
Discussion
Most authors believe that a clinical diagnosis followed by early and appropriate antibiotic In this study the resolution of the neurological lesions occurred over a variable time, but all had resolved within one year which is in agreement with earlier case reports.2223 Other authors did not note the time of resolution of the lesions24 and some recorded residual deficit years after infection. 25 The small number of patients in our study prevents any valid analysis of the effect of antibiotic treatment on the rate of clinical resolution ofthe neurological lesions.
In the cases recorded here, six of seven patients reported an episode ofinfection (upper respiratory tract infection (URTI) or fever) within 14 days of the onset of neurological signs. A prodrome of a respiratory infection 10 to 21 days before the onset of neurological disease is well described,'6 but neurological lesions are known to appear without respiratory involvement26 and without recorded fever.
An accurate laboratory diagnosis of M pneumoniae is important because of the variable clinical presentation of mycoplasma infection which often mimicks that of other common pathogens. Early and reliable diagnosis of infection is essential for any therapeutic advantage, to enable study of the disease process and for epidemiological information.
Laboratory diagnosis continues to be a problem: the organism is fastidious and slow growing and culture takes up to four weeks'6 which is of limited value for clinical purposes. Serodiagnostic methods also present problems because of the antigenic diversity of the organism which is larger than a virus, but has only about one fifth of the genetic material of a bacterium. 27 The complement fixation antibody titre may be late to rise after infection and may result from cross-reaction with other organisms or host material. 28 In contrast to a recently reported series24 we applied strict serodiagnostic criteria in selecting patients for this study. Using these criteria for laboratory diagnosis of M pneumoniae infection we excluded four patients who may, in other series, have been assumed to have sustained neurological lesions associated with M pneumoniae infection. As there are many opinions on the criteria required for the laboratory diagnosis of M pneumoniae, PCR was performed on all serum and CSF samples from the 17 patients.
The PCR diagnostic system is an exquisitively sensitive and specific test for the detection of M pneumoniae specific DNA.'8 Negative findings in this series adds weight to the theory that M pneumoniae associated neurological disease may be an immune mediated host response4 or possibly caused by release of toxic substances at the cell surface2' following elimination of the organism. Another possible mechanism for the neural pathology could be temporary occlusion of small blood vessels,22 a hypothesis advanced after observing the clinical development of third nerve palsy in one patient. This particular observation is supported by the reported pathology of perivascular inflammation observed in experimental M pneumoniae infection. '4 A further Mpneumoniae epidemic is expected in the United Kingdom in 1994-95. Collection of reliable epidemiological data relating to transmission of the organism will require sensitive and specific diagnostic methods with strict criteria for positivity. As PCR is a highly specific and very sensitive detection system, now simplified for routine use,'8 data on the prevalence ofMpneumoniae collected by population survey using PCR on throat swabs may test the observation that there may be passive carriage of the organism.29 Such a survey together with defined serological diagnostic criteria may provide some insight into this enigmatic organism. 
